I. INTRODUCTION
Our knowledge of the amount of Dark Matter (DM) in the Universe has moved from a qualitative to a precision level from measurements of Supernovae Ia, the Cosmic Microwave Background (CMB), radiation, Large Scale Structure (LLS) and the Hubble constant. The combined analysis of these datasets, including the WMAP 7-year CMB data, yields a mass density ratio, Ω M = ρ M /ρ critical , of Ω DM h 2 = 0.1109±0.0056 where h = 0.71±0.025 is the Hubble constant in units of 100 km s −1 Mpc −1 [1] . It is widely presumed that the DM is a stable, or nearly stable, elementary particle for which theoretical models provide many candidates. Simulations of LLS tell us that the DM must be cold to seed large scale structure. Already eight years ago, the DAMA collaboration, with a NaI detector at Gran Sasso, reported an annual modulation of event rates as evidence for the SI scattering of WIMPs.
Newer DAMA/LIBRA data confirmed their earlier finding [2] . The statistical significance of the combined DAMA/LIBRA data is 8.2 sigma. The DAMA/LIBRA signal corresponds a DM cross-section/nucleon of order 10 −39 cm 2 , at a WIMP mass of 5 GeV [3, 4] with a signal band that extends roughly linearly down to 5×10 -42 cm 2 at a mass of 50 GeV [5] . The band can be shifted by channeling, but it has been recently argued that such effects are small [6] .
The CoGeNT experiment, with a ultra-low noise Ge detector in the Soudan mine, re-ported a rising low energy spectrum that is unexplained by backgrounds. This has been interpreted as a DM signal with a SI cross-section/nucleon just below 10 −40 cm 2 for M DM of 7 to 12 GeV [7] [8] [9] [10] [11] [12] .
In recoil experiments the quenching factors and other detection efficiencies in the relevant keV range are subject to systematic uncertainties, so the boundary contours of the signal regions may be only approximate [13] . For the efficiency assumptions of [13] , the inferred DAMA/LIBRA and CoGeNT regions meet at a DM mass of 7 GeV, for which the DM SI cross section is approximately 2×10 -40 cm 2 .
The null results found by the XENON10 and XENON100 experiments [14] are compatible with the DM signal favored by the overlap of DAMA/LIBRA and CoGeNT [13] after the uncertainties on the scintillation efficiencies of liquid Xenon are taken into account. [15] .
The XENON data exclude the DAMA/LIBRA allowed region above a DM mass of 10 GeV.
Recently, the CRESST collaboration released preliminary data from their 400 kg-d run with nine 300g CaWO 4 crystal targets. With a signal region defined by a recoil energy between 10-40 keV and a background dominated by α recoils, they estimate the total background to be 8.7 ± 1.4 events while they observe a total of 32 events [16] . Such a signal event rate is consistent with a DM mass of 15 GeV and a cross section O(10 −41 pb) [16] .
Taken together, these experimental results favor a DM candidate of mass near 10 GeV with a scattering cross section in the σ SI ∼ O(10 −40 cm 2 ) range.
The DM annihilations in the galaxy halo can be a source of energetic cosmic rays. At a non-relativistic cross-section of vσ 0 = 1 pb that gives the right relic density, a light DM with mass of order 10 GeV can produce gamma rays at a level that is detectable at the Fermi Gamma Ray Space Telescope (FGST) [17] . FGST in its scan mode measures the gamma ray energy spectrum of the sky and a good agreement has been found with the expected astrophysics background. However, deviations in the gamma ray spectrum expected from a power law background parameterization has been seen in the FGST data near the galactic center [18] [19] [20] and a DM contribution [21, 22] was shown to improve the agreement with the FGST data. Ref. [21] shows that a 30 GeV DM particle provides the best fit to the FGST gamma ray data around the galactic center.
In the electroweak sector, improvements in both the measurements and the SM calculations have reached the level of precision at which new physics contributions can be tested. We previously showed that the SM with a complex singlet can be in good agreement with the CoGeNT and DAMA/LIBRA signals [23] . In the study, we show that it also provides a good fit to the precision observables M W and m t and to FGST gamma ray data in central galactic regions.
The remainder of this paper is organized as follows: In Section II, we provide a brief overview of the complex scalar singlet model, while in Section III, we show that the scalar mass eigenstates provide a better fit to the observed M W and m t measurements by CDF and D0 than the SM can provide. We discuss how this model can match the observed gamma ray excesses toward the center of the galaxy while maintaining the SI measurements in Section IV. Finally, in Section V, we summarize and conclude.
II. THE COMPLEX SCALAR SINGLET MODEL
A real scalar singlet [24] [25] [26] [27] [28] [29] [30] added to the SM can either mix with the SM Higgs boson or be a Dark Matter particle. The CSM allows both the mixing and a Dark Matter particle.
Assuming CP-conservation and including only renormalizable terms, the scalar potential of the CSM is [23] 
where H is the SM Higgs which obtains a vev v = 246 GeV and S = (S + iA)/ √ 2 is the complex singlet, with a vev v S . The b 1 term breaks a global U(1) symmetric potential, giving mass to the DM A state. A non-zero a 1 avoids domain walls from an accidental S → −S symmetry.
When the real component of the complex singlet obtains a vev, the δ 2 term in the potential initiates mixing between H and S. The resulting coupling strengths of these Higgs eigenstates to the SM fermions and weak bosons are multiplied by the factors
resulting in a reduction in the production rate of the states, thereby allowing the lightest state to evade present SM bounds. The mixing angle is given by the model parameters. The complex term in V leads to a scalar field A that is stable and is thus the DM candidate.
The mass of the DM particle is determined by the parameters b 1 and a 1 :
We use the scan and its associated constraints from Ref. [23] as a guide through the parameter space and associated observables.
III. PRECISION M W AND m t MEASUREMENTS
As noted above, global analyses of electroweak precision observables (EWPO) [31] prefer a mass for the SM Higgs boson that is below the direct lower bound of 114 GeV from LEP2 experiments. Indeed, in the real singlet mixing case, an improvement to the oblique corrections can be found when the mass of the light state is reduced below the LEP SM Higgs limit [28] . Moreover, a heavier H 2 state is allowed, up to M H 2 = 220 GeV at the 95% C.L. for maximal mixing. However, as the H 1 state becomes dominantly singlet, this limit tightens to the SM limit of M H 2 ≈ 180 GeV. As the CSM also provides a similar mixing scenario, an improved fit to the EWPO parameters is predicted in this model as well.
Recently, the W -boson mass has been well measured by the CDF and D0 collaborations with about 1 fb −1 of integrated luminosity to remarkable precision [32] . The world average, which includes a combination with the LEP II [33] result, is
while the top quark mass measurement by the CDF and D0 Collaborations with about 5.6 fb −1 of integrated luminosity [34] is
The W -boson mass depends through radiative corrections on the top-quark mass, the Z-boson mass, the QED and QCD coupling constants, and the Higgs boson mass. While these dependences are complicated, one can arrive at a reasonably accurate expansion in terms of the relevant parameters. Using the expansion of the partial 3-loop calculation in
Ref. [35] the dependences are
where
The coefficients are given by [36] . The value ∆α = ∆α lept + ∆α had is composed of separate hadronic and leptonic contributions, with ∆α lept = 0.031498 [37] and ∆α had = 0.02786 ± 0.00012 [36] . This parameterization yields a value of M W that is accurate to 0.5
MeV for a SM Higgs boson masses up to 1 TeV [35] 1 .
The W -boson mass for the CSM with the SM content of Eq. 2 is approximated by where the additional dependences on M Z , ∆α and α s are implicit 2 . In Fig. 1 Due to experimental constraints one cannot arbitrarily increase the SM-content of H 1 .
For a given light Higgs mass, there is an upper bound from LEP2 on the amount of singletHiggs mixing through the measured limit of the ZZh coupling [38] . As the Higgs mass decreases, its SM content must correspondingly decrease to suppress the production rate at LEP2, thereby mitigating the improvement of the W -boson mass prediction.
The contours in Fig. 2 composed of a SM. These points satisfy the various constraints from LEP2 experiments detailed in Ref. [23] . This demonstrates that the CSM can describe the measured masses 
IV. GAMMA RAY & NUCLEON RECOIL SIGNALS
The Fermi Gamma Ray Space Telescope (FGST) [47] has measured energetic electron and gamma rays over large regions of the sky. Very good agreement of the data with galactic backgrounds is found except for gamma rays above 1 GeV from angular regions close to the center of the Milky Way. Significant deviations are found in central galactic regions [18, 19] from typical power law energy dependences expected from inverse Compton scattering and π 0 decays from astrophysical sources. A recent study has considered the annihilation of WIMPs with a 30 GeV mass as the source of excessive gamma ray in small angular regions (< 3 • ) near the galactic center [21] .
Annihilations of a light DM particle may explain the excess of diffuse GeV gamma rays near the galactic center (GC). The (ρ/M DM ) 2 enhancement of the DM source emissivity with a cuspy DM profile can explain the DM signal enhancement near the GC. A light DM particle can provide a cross section of the requisite size.
We consider annihilations of the light DM particle in the CSM as the origin of the observed gamma ray excess. The differential gamma or electron flux is given by
where i sums over the annihilation channels, vσ 0 is the inclusive non-relativistic annihilation rate, AF i is the annihilation fraction into mode i and dφ i /dE denotes the differential photon and e + /e − spectra of each annihilation channel. The dark matter distribution for which we adopt the cuspy Einasto [48] profile,
where the local dark matter density ρ ⊙ = 0.3 GeV/cm 3 . As the CSM has pure s-channel annihilation via the Higgs bosons, the dominant annihilation channels are the massive fermions: c . The 'boost factor' (BF) in Eq. 10 normally refer to mechanisms that enhances the DM annihilation rate, such as Sommerfeld effect [49] [50] [51] of DM halos. However, in CSM the WIMP candidate A has no excitation states or coupling to any light vector field, thus no major boost factor is expected to the non-relativistic annihilation cross-section, although there is some uncertainty associated with the choice of the DM halo distribution.
The total non-relativistic annihilation cross section is given by
where f sums over heavy leptons and quarks; the color factor is N c f = 3 for quarks and 1 for leptons; P 1,2 are short-hand notations for the s-channel propagator and can be approximated as
since H 1,2 are always off-resonance in the regions of interest. The couplings in Eq. 12 are parametrized by
To calculate the DM relic density, we used the MicrOmegas [52] package. The SI scattering cross section for the CSM is [53] 
where m p is the proton mass and f tot = 0.350 is the sum of integrated parton distribution for gluon and quarks inside protons [54] . There is no spin-dependent scattering in the CSM. Fig. 4 illustrates the CSM population in the vσ 0 versus σ SI plane that agree with relic density measurement from WMAP7 and XENON100 exclusion for M A less than 50 GeV.
The relic density constraint leads to a generic vσ 0 near 1 pb that produces a gamma ray signal comparable to the galactic background. At low σ SI , g HAA is small and vσ 0 receives s-channel enhancement from M A being close to M H 1 /2. In this scan we allowed the CSM parameters to vary over the following ranges
Including CoGeNT and DAMA/LIBRA data, the WIMP mass is further confined to a small range of 7 − 10 GeV [53] .
To show-case the gamma ray predictions, we choose M A = 10 GeV as typical of a CSM explanation of the CoGeNT and/or DAMA/LIBRA signals. We also consider M A = 30 GeV, 4 Ignoring the loop-level AA → gg channel which is at the percent level.
FIG. 4:
The CSM population (all points) on the vσ 0 vs σ SI plane that reproduces the relic density observed by WMAP7 and the XENON100 exclusion limit on σ SI . The CoGeNT allowed points are marked as blue dots (right). The points with 27< M A <33 GeV are marked a black '+'s (left) that better explains the FGST gamma ray spectra.
which has a SI cross section σ SI = 1.4×10 -44 cm 2 that is below the XENON100 bound, as an example of a somewhat higher H 1 mass. The gamma signal consists of prompt photon emissivity given by Eq. 10 and radiation associated with electrons produced in the DM annihilations, via their Inverse Compton scattering.
We test the dark matter contribution with a joint χ 2 analysis of FGST e + e − data [55] and gamma ray spectra in two large areas: (i) the 'middle latitude' with 10
and (ii) the 'central' region with |b| < 5 • and |l| < 30
• [18] that includes the galactic center.
In this analysis we do not take in account of possible correlations of the data from the two separate angular areas; this could have an effect on the systematics but should not alter the overall conclusions. The sizable angular coverage should smear out background fluctuations that may exist in very small regions.
The galactic background and the dark matter induced gamma ray and electron signals are numerically evaluated with GALPROP package [56, 57] . For the galactic diffuse background we assume power-law injection spectra E −2.42 for nuclei and E −αe for the astrophysical electron background, where α e was allowed to vary along with five other variables that parametrize the diffusion process, astrophysical electron background and the measured electron energy. See Ref. [58] for the detailed numerical simulation. The total DM annihilation rate was also treated as a free parameter. The annihilation channel branchings for two sample DM masses are listed in Table. I. Fig. 5 illustrates the gamma ray contributions from the individual annihilation channels. The gamma rays originate from neutral pions.
The b and c-quarks yield softer gamma rays than the τ ± leptons.
The WIMP mass is an important parameter in fitting the excessive gamma rays in the central galactic regions. AA annihilation is dominated by the bb channel and the DM induced gamma ray E induced gamma rays are relatively soft and lead to less effect in the fit to the FGST data. A good description of Fermi data gives Each mass range has distinct collider signatures [28] . The CSM points with M A near 30 GeV (black '+'s) are also shown. Those points provide an improved fit to the FGST data, albeit with a boost factor of the order 10. All points satisfy the constraints in Fig. 4 .
and we can extrapolate the vσ 0 over the narrow mass windows, using the predicted M A given by Eq. 10. At very light M A , below ∼ 10 GeV, the gamma ray spectra from DM annihilations are too soft to explain the photon excess above 1 GeV, but the model still gives a fit with χ 2 /dof < 2.0 for vσ 0 up to 6 pb. In this case, we choose vσ 0 = 1 pb as a non-boosted annihilation cross-section which is detectable by FGST. For the 30 GeV case we choose the best-fit annihilation cross-section. There are numerous parameter combinations in the CSM that give a vσ 0 that explains the Fermi data with a natural boost factor
A 30 GeV dark matter mass gives an improved fit to the excess in the gamma ray spectrum with a best-fit vσ 0 =3×10 -25 cm 3 s −1 ; this gives a boost factor above 3 that is necessary to reach the best fit gamma ray signal level. Fig. 7 shows the non-relativistic vσ 0 of AA annihilation at the parameter points that satisfy the XENON100 and relic density bounds. All the points in Fig. 4 , 7 pass the M W and m t measurement constraints with less than 1.6σ. We note that many points of the CSM parameter space naturally satisfy the constraints. Two regions of CMS parameter space [28] that are allowed by CoGeNT are shown as light and dark blue points. FGST will take data for 10 years. The improved statistics will significantly improve its sensitivity to a DM annihilation source of gamma rays. The contributions from a cross section of vσ 0 = 1 pb of a 10 GeV DM particle will produce a distinctive shape of the gamma ray energy spectrum that will allow its confirmation or exclusion. 
